Background {#Sec1}
==========

Obstructive urolithiasis is a common problem resulting in nearly 1.2 million ED visits per year in the United States \[[@CR1]\]. A study using a nationwide emergency department sample, the largest all-payer ED database in the United States, reported an average of 19% hospital admission rate for patients presenting with ureteral colic \[[@CR1]\]. With high prevalence rates, hospital admissions and enormous inpatient costs, identifying risk factors that affect patient revisit to the ED can help making improvements towards an efficient and safe management of ureteral stone colic patients presenting to the emergency department.

A previous study identified some of the risk factors associated with the need for acute urological intervention in patients presenting with ureteral colic \[[@CR2]\]. These included stone size of ≥5 mm, proximal ureteral stone, presence of nitrites or leucocyte esterase on chem-strip urinalysis, age over 50 years, tachycardia at triage and abnormal serum WBC count. The above factors were independently associated with urologic intervention within 90 days in renal colic patients presenting to the ED. Another study reported on the association of pregnancy, diabetes and presence of urinary infection with higher hospital admission rates from the ED and greater cost \[[@CR1]\]. In our cohort we studied risk factors at the initial evaluation in the emergency room including SIRS for an urgent need for renal drainage and patient disposition in patients presenting with an obstructive ureteral or UPJ stone. For patients who revisit the ED, pain is the most common variable in addition to symptoms of uti.

Systemic inflammatory response syndrome (SIRS) has been used by many clinicians as a predictor of early sign of severe sepsis in the ICU and the ED settings \[[@CR3], [@CR4]\]. The newer sepsis prediction assessment qSOFA (quick Sequential Organ Failure Assessment) has been well studied in an ICU setting but not so much in an ED setting. In a comparative study on predicting mortality from sepsis in an ED setting, qSOFA has shown to be less sensitive compared to SIRS, although it has better specificity \[[@CR5]\]. The significance of the presence of SIRS in patients presenting to the ED with obstructing stone has not be previously reported. This includes questions such as 'in the presence or absence of SIRS how safe is it to discharge patients from ED with obstructing stones'. Studying SIRS during the early evaluation process in the ED may help with better management of obstructive stone patients including predicting the need for urgent urologic intervention, minimizing ED revisits and plan proper patient disposition. In the above cohort we hypothesized that presence of SIRS impacts the need for urgent renal drainage and revisit to the ED in patients presenting with an obstructing urinary stone.

Methods {#Sec2}
=======

After obtaining the University of Kentucky IRB approval, we performed a retrospective chart review of patients at our tertiary care academic emergency department. We identified patients using ICD-9 codes 592.0 (calculus of kidney), 592.1 (calculus of ureter) and 592.9 (urinary calculus, unspecified) and a database query was performed for 3 years (2013--2016) of adult patients presenting to the ED and included all patients that had ureteral stone or UPJ stone and hydronephrosis on CT scan. We excluded all patients who did not have a CT scan available, patients who did not have all the SIRS criteria recorded and all pediatric patients (\< 18 years old). Data collected included age, gender, vital signs, WBC count, stone size, presence of urinary infection, disposition (home, inpatient admission, operating room visit for ureteral stenting), readmission to the ED and subsequent surgical intervention. The concept of SIRS was developed in 1992 and the goal was to identify risk factors for the development of severe sepsis by using common, easy-to-use clinical parameters \[[@CR1]\]. There are four components of SIRS (temperature \< 36°or \> 38 °C, heart rate \> 90 bpm, respiratory rate \> 20 per minute, WBC\# \< 4000 or \> 12,000 cells/mm^3^) and patients with SIRS meet at least two of these criteria. SIRS in the presence of a source of infection is sepsis. Severe sepsis is sepsis with one or more organ dysfunction. Septic shock is hypotension despite adequate fluid resuscitation along with perfusion abnormalities. We evaluated patients for the presence of UTI on urine dipstix test and urine culture, patients with sepsis (SIRS with infection), and septic shock. We also compared the outcomes in patients with and without SIRS, including positive and negative for urinary infection on dipstix test and culture. Of note, we followed as best we could, the checklist for best practice of reporting observational studies as per STROBE (The Strengthening the Reporting of Observational Studies in Epidemiology) statement \[[@CR6]\].

Univariate and multivariate analyses was performed. A *p*-value of \< 0.05 was considered statistically significant. For univariate analysis, Fisher's exact test was used for qualitative data and Wilcoxon sum-rank test for quantitative data. Multivariate logistic regression models were used to calculate the odds of patients needing an operative procedure and ED revisits with case wise deletion used for missing data. All analysis was performed using R version 3.2.2.

Results {#Sec3}
=======

A total of 5002 patients with urolithiasis were identified who visited ED that had urolithiasis among other diagnosis codes. Of these, 1983 patients were included because of their primary diagnosis was either ICD-9 code 592.0, 592.1 or 592.9. Chart reviews were performed on these 1983 patients and 649 patients were identified as having a ureteral stone or UPJ stone with hydronephrosis on CT scan and the required SIRS criteria data available. Majority of patients (77%) from ED were discharged and 23% underwent urgent renal drainage.

SIRS was present in 15% (99/649) of patients seen at the ED with obstructive urolithiasis. Only 45% of patients with SIRS were discharged from ED compared to 83% of non-SIRS patients. Over half of SIRS patients (54/99, 55%) underwent emergent surgical renal drainage compared to 17% (94/550) of non-SIRS patients. Of patients discharged home, 13% of SIRS patients and 8% of non-SIRS patients returned to ED. Clinically significant factors that predicted patients going to OR for ureteral stenting were larger stone size (7 mm vs. 4 mm, *p* \< 0.001), presence of SIRS (36% vs. 9%, p \< 0.001), presence of UTI (14% vs 0.3%, p \< 0.001). Table [1](#Tab1){ref-type="table"} represents on uni and multivariate analysis the odds ratio of independent predictors requiring urgent renal drainage. Not surprisingly, sepsis had the highest odds ratio of 28, followed by urine dipstick positive for infection (odds ration of 5.5), presence of SIRS (odds ratio 4.6), and stone size (odd ratio 1.4). Among the SIRS criteria, WBC count, elevated temperature and HR had increased odds ratio of going to the operating room. Of note, all our patients in the above cohort underwent ureteral stenting for stone obstruction due to local hospital practice pattern and none had percutaneous nephrostomy. Patients with SIRS compared to non-SIRS patients are more likely to be admitted to hospital, undergo surgical intervention, had UTI (odds ratio 6.4). In our cohort presence of SIRS was indicative of UTI compared to those without SIRS. SIRS patients were also more likely to go into severe sepsis or septic shock, but the number of patients was small to make valid conclusions. Table 1Univariate and multivariate analysis of factors for urgent renal drainageUnivariate TableMultivariable ModelVariableUrgent Drainage (No)Urgent Drainage (Yes)Mean (SD) or N (%)Mean (SD) or N (%)***p***-valueOdd's Ratio95 Lower95 Higher***p***-valuen501148Age41 (15)46 (16)0.0031.021.001.030.026Male322 (64)60 (40)\< 0.0010.400.260.63\< 0.001SIRS45 (9)54 (36)\< 0.0014.632.658.09\< 0.001Sepsis1 (0.2)21 (14)\< 0.00128.473.57226.990.002Stone Size4 (2.0)7.3 (6)\< 0.0011.401.281.53\< 0.001Temperature (Celsius)37 (0.3)37 (0.6)\< 0.0012.321.314.110.004HR79 (15)92 (21)\< 0.0011.031.011.04\< 0.001RR19 (3)19 (3)0.0741.070.981.160.122WBC\#10 (3)13 (13)\< 0.0011.161.091.23\< 0.001

Table [2](#Tab2){ref-type="table"} represents patients with and without SIRS with odds ratios of different variables. Patients with SIRS had higher odds of hospital admission, surgical intervention, presence of UTI and revisit to the ED. Of note, patients with SIRS with negative urine dipstix for infection had lesser incidence of surgical intervention (23%) compared to those who had SIRS with positive dipstix (73%). Of note, 7% of patients with SIRS who were discharged from the ED had revisits to the ED compared to 2% of patients with no SIRS that were discharged from the ED (*p* = 0.05). Table 2Individual Cohorts and Characteristics of SIRS and Non-SIRS patients where urine dipstix data was available (483 patients)Non- SIRSSIRSOverallOdds Ratio for SIRS vs. Non-SIRS***P***-value**No. patients**41172483**Age (years)**41 (16--91)44 (22--94)42 (16--94)1.01 (0.99--1.03)0.309**Male (%)**247 (60)37 (51)284 (59)0.70 (0.42--1.16)0.194**Temp. (Celsius)**37 (36--38)37 (36--39)37 (36--39)2.30 (1.65--3.21)0.002**Heart Rate (beats/min)**78 (23--142)104 (59--153)82 (23--153)1.09 (1.07--1.12)\< 0.001**Resp. Rate (breaths/min)**18 (10--28)21 (15--36)19 (10--36)1.35 (1.23--1.49)\< 0.001**WBC \# (cells/mm**^**3**^**)**10 (2--159)14 (6--41)11 (2--1591.10 (1.04--1.16)\< 0.001**Stone Size (mm)**5 (1--26)5 (2--30)5 (1--30)1.05 (0.98--1.13)0.521**D/C'd Home**341 (83)35 (49)376 (78)0.19 (0.11--0.33)\< 0.001**To OR on 1st ED visit**64 (16)33 (46)97 (20)4.59 (2.69--7.83)\< 0.001**Readmitted**10 (2)5 (7)15 (3)2.99 (0.99--9.03)0.057**Infection source identified**96 (23)47 (65)143 (30)6.17 (3.61--10.55)\< 0.001**Proven infection present**60 (15)35 (49)95 (20)5.53 (3.23--9.47)\< 0.001**UTI present**53 (13)35 (49)88 (18)6.39 (3.71--11.02)\< 0.001**Urine culture positive**30 (7)19 (27)49 (10)4.55 (2.39--8.66)\< 0.001**Urine dipstix positive**55 (14)33 (46)88 (18)5.48 (3.18--9.43)\< 0.001**Severe sepsis**2 (0.5)5 (7)7 (1)15.26 (2.90--80.27)0.001**Septic shock**1 (0.2)4 (6)5 (1)24.1 (2.7--219.0)0.002

In a subgroup of SIRS and non-SIRS patients we compared patients with urine dipstix positive and negative for infection (Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}). Urine dipstix data was available in 72/99 SIRS patients (39 had negative and 33 had positive dipstix for infection) and 411/550 non-SIRS patients (356 had negative and 55 had positive dipstix for infection). Notably, 72% of SIRS patients with negative urine dipstix were discharged home compared to 21% of positive urine dipstix patients (*p* \< 0.001). In comparison 88% of non-SIRS patients with negative urine dipstix was discharged home compared to 47% with positive urine dipstix. We evaluated urine dipstix, as this is a readily available test for decision-making in the ED about patient disposition, as urine culture typically is available 48--72 h later. In the non-SIRS patients with positive urine dipstix 52% underwent ureteral stenting compared to 10% with negative urine dipsitx. In our study more number of SIRS patients with dipstix negative for infection had ureteral stenting compared to non-SIRS patients (*p* \< 0.05) also suggesting SIRS was an independent predictor of patients going to the OR with or without UTI. This was also confirmed by multivariate analysis. Table [5](#Tab5){ref-type="table"} represents patients who revisited ER and those who did not. It shows presence of SIRS was an independent risk factor (odds ratio 2.9) for revisit to the ED. Table 3SIRS patients with and without urinary infectionSIRS (dipstix negative)SIRS (dipstix positive)***P***-valueNo. patients3933Age (years)42 (22--73)46 (23--94)0.545Male (%)28 (72)9 (27)\< 0.001Temp. (Celsius)37 (36--38)37 (36--39)0.070Heart Rate (beats/min)100 (59--136)109 (59--153)0.016Resp. Rate (breaths/min)21 (16--32)20 (15--36)0.398WBC \# (cells/mm^3^)14 (7--32)15 (6--41)0.810Stone Size (mm)4 (2--7)7 (2--30)0.136D/C'd Home28 (72)7 (21)\< 0.001To OR on 1st ED visit9 (23)24 (73)\< 0.001Readmitted3 (8)2 (6)1.000Table 4Non-SIRS patients with and without urinary infectionNon-SIRS (dipstix negative)Non-SIRS (dipstix positive)***P***-valueNo. patients35655Age (years)41 (16--86)44 (19--91)0.195Male (%)229 (64)18 (33)\< 0.001Temp. (Celsius)37 (36--37)37 (36--38)0.135Heart Rate (beats/min)77 (23--120)84 (52--142)0.025Resp. Rate (breaths/min)18 (10--28)19 (16--24)0.364WBC \# (cells/mm^3^)10 (2.5--159)10 (2--27.5)0.738Stone Size (mm)4.5 (1--17)6 (2--26)\< 0.001D/C'd Home315 (88.5)26 (47)\< 0.001To OR on 1st ED visit35 (10)29 (53)\< 0.001Readmitted9 (2.5)1 (2)1.000Table 5Univariate and multivariate analysis of factors for revisit to the EDRevisit to ED = NRevisit to ED = YMultivariable ModelUnivariate ModelVariableMean (SD) or N (%)Mean (SD) or N(%)***p***-valueOdd's Ratio95 Lower95 Higher***p***-valueN46815Age42 (16--94)46 (18--70)0.1871.031.001.040.021Male277 (59)7 (46)0.4260.500.260.54\< 0.001SIRS67 (14)5 (33)0.0572.902.658.09\< 0.001Sepsis1 (0.1)7 (1.5)1.0002.002.20121.080.002Stone Size5 (1--30)5 (3--13)0.4701.070.981.160.122Temp.37 (36--40)37 (36--40)0.8301.101.313.110.142Heart Rate82 (23--153)90 (58--116)0.0841.031.011.04\< 0.001Respiratory Rate19 (10--36)18 (16--24)0.3701.070.981.160.122WBC11 (2--159)11 (7--17)0.8491.061.081.230.121

Discussion {#Sec4}
==========

In our tertiary hospital ED there was a 15% incidence of SIRS in the above population. Obstructing stones commonly result in ED visits but the majority of these patients are discharged home. Of the patients that require urgent renal drainage, many are for UTI or uncontrolled pain. There is no debate that patients with sepsis from an obstructing stone require emergent renal drainage. However, in a patient with an obstructing stone in the presence of SIRS, it is unclear what would be the patient outcome or disposition. Reports that biomarkers such as presepsin \[[@CR7]--[@CR9]\] and urine NGAL \[[@CR10]\] improve the prognostic sensitivity of SIRS. However, these tests are experimental, costly and not commonly available in the ED in a timely manner.

Nadler et al. highlighted the stone burden on hospital admission rates and cost analysis of patients presenting with obstructing stones to the EDs across the United States \[[@CR1]\]. Using a nationwide emergency department data sample they estimated an average of 1.2 million patients per year visiting ED yearly from 2006 to 2009 due to stones with a 19% hospital admissions. They identified infection and diabetes to be highly predictive of the need for admission on multivariate analysis. Theakston and co-authors identified stone size ≥5 mm, nitrites on urine dipstix, age \> 50 years, and proximal ureteric stone as risk factors for urologic intervention within 3 months of visit to the ED. \[[@CR2]\] Similarly, Papa et al. in addition to stone location and size, pain score upon discharge from ED was associated with urologic intervention within 1 month after initial presentation \[[@CR11]\]. In our study apart from SIRS as a risk factor for urgent intervention and ED revisit, we found UTI on dipstix, age, presence of fever, elevated white cell count as other risk factors with OR \> 1 (Table [2](#Tab2){ref-type="table"}).

More recently the third international consensus for sepsis and septic shock updated the definitions of sepsis and septic shock \[[@CR12]\]. The task force uses the qSOFA (quick Sequential Organ Failure Assessment) criteria RR \> 22, altered mentation, systolic ≤ BP100. In the above study, qSOFA was better than SIRS criteria in the intensive care settings but similar to SIRS in an outside the ICU setting in predicting hospital mortality. The task force stresses that SIRS criteria still remain useful for the identification of sepsis. A more recent study, where the authors did a meta-analysis comparing the association of qSOFA and SIRS in predicting patient mortality in an ED setting \[[@CR5]\]. Their results showed that both qSOFA score of ≥2 and a SIRS score of ≥2 were strongly associated with mortality in ER patients with infections. They showed qSOFA had higher specificity (88%) but lower sensitivity (42%), compared to SIRS, which had higher sensitivity (81%) and lower specificity (41%). The authors concluded that both are important at this time and that qSOFA cannot replace the use of SIRS in the ED setting until the sensitivity of qSOFA is improved.

Yamamoto et al. revealed that patient age (median 74 years) was an independent risk factor for the development of septic shock from an obstructing stone \[[@CR13]\]. This corroborates our findings that advanced age increased the risk for requiring surgery (*p* = 0.026) (Table [2](#Tab2){ref-type="table"}). Friedlander and colleagues reported that for every point increase in WBC count and pulse resulted in a 7 and 3% increase in sepsis, respectively \[[@CR14]\]. The development of SIRS after ureteroscopy for stone disease has been reported but the role of SIRS in patients with obstructive urolithiasis presenting to the ED has not been studied \[[@CR15]\].

To our knowledge there is no previously reported study evaluating the role of SIRS in obstructing stone patients presenting to the ED. A vast majority (77%) of our patients presenting to ED with an obstructing stone were discharged. However, SIRS patients were less likely (45%) to be discharged home compared to non-SIRS (83%) (*p* \< 0.01). This may be because more number of SIRS patients had associated UTI and also other factors such as inadequate pain control might have contributed to this. Also, patients without infection, the presence of SIRS can be a reaction to inflammation, pain or other factors. These non-infective factors may have contributed to SIRS and the need for urgent renal drainage. Patient with SIRS who were discharged from the ED were more likely to revisit the ED (7%) compared to patients with no SIRS (2%, *p* = 0.05). In our cohort, patients with SIRS had higher incidence of UTI (49%)(on urine dipstix and culture) compared to those who did not have SIRS (13%), *p* \< 0.01). However, patients with SIRS who were discharged from the ED with negative urine dipstix for infection had higher incidence of ED revisits compared to patients with no SIRS and had negative urine dipstix (Tables [3](#Tab3){ref-type="table"} and [4](#Tab4){ref-type="table"}). Also, patients with SIRS had a higher likelihood of going into severe sepsis, 7% compared to 0.5% with no SIRS; albeit patients' numbers were small. It is important to note that the judgment whether to drain the kidney or not should not be based solely on positive or negative urine dipstix but to be combined with other clinical factors including the presence of fever or chills, high white cell count etc.

Our hypothesis that SIRS impacts the disposition of patients including surgical intervention with obstructive urolithiasis was confirmed by this observational study. In the multivariate analysis SIRS was an independent factor associated with increased urgent surgical intervention and ED revisit. As our study was retrospective in nature, we could only conclude from our findings that SIRS is an independent risk factor for urgent drainage and revisits to the ED. The number of patients with critical illness (sepsis or septicemia) in our study group was very small and as many of our patients with SIRS had intervention, thereby preventing progression to severe sepsis or septic shock, it is difficult to conclude from the above study that SIRS is a predictor of critical illness in stone patients. Nevertheless, presence of SIRS should be an important factor in decision-making regarding patient disposition.

Limitations of our study include retrospective study design with lack of documentation of pain through a validated pain scale; hence, it is difficult to estimate the impact of pain on the patient disposition. However, all our patients had pain who had intervention and who revisited the ED with or without SIRS. We did not have urine cultures on all patients as many were discharged if the urine dipstix showed no infection. Also, some patients may have followed up at a different hospital following discharge from our ED, nevertheless as our data compared SIRS and non-SIRS patients, we presume the readmission percentage rates at other hospitals may be comparable to our center. Also, we did not have information on the stone type in the majority (\> 95%) of our study population, we are not sure whether the stone type can influence which patients had SIRS with or without infection.

Conclusions {#Sec5}
===========

SIRS was present in only 15% patients seen in our emergency department with obstructive urolithiasis. Presence of SIRS was indicative of increased need for urgent renal drainage with ureteral stenting and ED revisits. Although patients with SIRS had increased rate of associated UTI, SIRS was an independent risk factor for urgent urologic intervention with or without the presence of urinary infection. Presence of SIRS is one other risk factor to be considered during the early evaluation of patients presenting to the ED with obstructive stone colic while making decisions about treatment. Also, patients discharged who had SIRS but no urologic intervention had increased ED revisits. Revisits to ED may be minimized if a timely urology consultation as quickly as possible is made possible for patients with SIRS who were discharged from ED.
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